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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 
resistance element that can prevent degrading of 
reliability and stability even when it is heated for 
monolithic processing with a conventional Si 
semiconductor. 

SOLUTION: This magnetic resistance element is 
manufactured by a method including a step for heat 7,. 
treatment of 330° C or higher, and a maximum distance 
between the center line of a nonmagnetic layer and a 
boundary between paired ferromagnetic layers and 
nonmagnetic layer is 10 nm or less. The magnetic 
resistance element is formed by forming a base film on a 
substrate, heating the base film at 400° C or higher, 
emitting an ion beam over the base film to reduce its 
surface roughness, and forming a ferromagnetic layer 
and a magnetic layer. Even when an M1 (at least one 
kind selected among Tc, Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, 
Ag, and Au) is given in a region of 2 nm from the 
boundary with the nonmagnetic layer, the maximum 
distance is relatively reduced. 
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^©3R-f iOrt«fct». CO«?Ttt. aS?88tt)15 
*tttf«fc 5 &c 2 o©H^il148 3.33 *i|Bg3 tit is 
0. @Efe6&tt®5il§5Ei8t<fe)i3. 3 3i©raiC#H14 

84, 3 4*J/ratn^. 

[0 03 8 ] ll?^:^^^.!;^^. f a 7JWf>A> 
30 'J 51. 52. 53:71, 72. 7 3 t UX i>£lK 

c ©*?•-«*. asaat!tH3. 3 s^s-r^ct^tc. * 
n-ens^ett88. 3 8*5iss!sn-ci^ 0 

[0 0 3 9 ] 08«:7nO/c«fc^SC. H4{C^LA:^-f-(C 
*J0>T. H3S»ttJi3iOr. -*f©^MttM5 1. 5 

[0 04 0] S9tC^Ufc<t^{C. £&«f£n&flll>tt 
^{Sfi^jSM©^iL-Cfc«fc^„ CCtB, tl7x 
■J 5 1. 5 2. 5 3Ai@^e^8 3 <t Urfflt,>6n-C0> 
40 -S. 

[004 1 ]I10KSLfcJ;^K, M8 IfCTjkLtcmir 
(cteu-c. 3e.tcaifiStt8 5>&a8-7^ >; 7 1 . 7 

2. 7 3(C«fc»)»fiSly-rfc«fc(,>. 

[ 0 0 4 2 ] 13 1 1 iCfjkOtcJ: ^ tc, S&i&ttJl 8 ©jag 
flWtc. -etx^n. H5eett@3 (33) . #881484 

(34), S&5itt85 (3 5) Z&MUX t>£<<\ C 
CTtt. @Siltt8 3 (2 3) iLt. »8^x>J5 1 

(71). 52 (72). 53 (73) Zm^fcWfiTn 

50 [0 04 3 ] mm liltii, ^SA^ifgi^ $ ftfcMfc 



9 

(CMP) ^©^^tteS^fo-C&J: 
at£©*ffiK:«. ^sb, MOSF7>yx$-f© 

[0 044] 8 tctt, M n ^WJ5?£$&{*^ 10 

c r^m^mmt^m^n^j:^ Mn£rws*»i4 

ttiUTl*, WitfPtMn, PdPtMn, FeM 
n, IrMn, NiMnW«ft5. Cintb<Dm>}&W. 

#*-5. fiEoT, #$ttJf©W®£^K::teW67c3?tM J 
©!if*ll^SI(2 0at%JWT) * 
&14Ji£<K3&ei*EJf £©gg8t (04tc*jWSd) ». 3 
n mUh 5 0 n m tiT^iS^-C* 

[0045] &mm*mi&Tz-z<Df&<Dmici>> 

[0 046] Wfctf. 2 CCfct. ^©«»CCI& 

Dr. *«tt<ct>L'IBIWtOt*^*ffll»tl«J:l.». CP 
P - GMRJR^ tCffl^S^Mtt^ttttJlKtt, . 
Cu, Au, Ag. Ru. C r *5.J:c>'Cft £>©£:££Bi 
L>£t <fc#s-Ctf CPP-GMRsftT-tCteWS^tt 
JB©»*btMRflK;t. 1-1 Onnrca*. TMRSfrF- 

<. fctt#w«"&«flrc# a ai©i 

JC*JWi^«ttJB©*f*Ol>lil»«. 0. 8~3nmr 30 

[ o o 4 7 ] mm? * <) &mtftTz#®&n&<Dttwt u 

XIX> Ci, Cu. Ag, Au. Ru, Ir, Re, O 
0. 2~1. 2nmT-*5. 

[0048] &mm*ffif&?z&m<Df$,mmc$>%fitm 

figW:&<, MB E (ifolecular Beam Epita 

xy) "ffi. CVD (Chemical Vapor Deposition) ffi, 

t- y ^-*fflCifc7 * MiV^^^i, EBV V 2*7 7 
FIB (Focusedton Beam) JJlIIffillSrfflOtU* 

[0049] i^>^il/tfc, -ft>sy>^ 
R I E (Reactive Ion Etching) f^(D^ffll>h 

[0 05 0] «e*©«SWSfnSR^-{C*$t>r fe, 3 0 0 °C 
flffi*"C©^ffi-C*n«. ».S!ia©f^ic;MR!ttt4*^ 50 



4$H 2003-86865 
10 

J:t5Ci(i*-,fc„ L#>U 3 0 0~3 5 0°Cjy±© 

JfifcxJR^W:. fiE3fc©SHHC*fU 3 3 0 °C«_hCD^il 

3 5 0"C«±, 4 0 0'C 

&.±^mMmMSL^< osteon, &ia$©#t*E©*B 

[0 05 1 ] S i^{#7"a4zX£ffi^:to-tf 

**-rs£. ^ssKtbr«4oo"cwi5*^-r 

[0 05 2] ±fa©«bte*) . *^tc J;ntf. 3 3 0 °C 
feLfc. 3 6tctt3 5 0*C«±©IR*SlK:j:»). MR*S1*E 

[0 05 3 ] *MBlK:J:iMR«Fttlft±©MH»+»«: 

T#©^l%#^t-fttfMR^t£tt&Wt& r> 5 S U 

y TiS<S**iSf < titf MR^f14«^»(c/j: 0 5 Zfrhx- 
*£„ J**ffl(cj:*MRl*tt©fiLhtt. ^ettSi?Sa 
tt« 4 © J?M«c vt Z i t^£R«©^{b«c «£ 9 e> 

s*i/coj#ettfe*-5o ^-rnicbxb, MR9#t£rsj±© 
ja*3&J3 o ox;*±Hsas»©iiM!ai{c<fc-3rfc»6ti 

[0054] wfflia^(cfcws3SfiSt4Jg©«RS». mn 

[0 05 5 ] 

Sr. il*©«HSa£-C»ii* % 3 6ic^r§tt^x<tKC*j^ 
t3 5 0°C~4 5 0"Cr*2 mfflmMMZ Utc. C©-£ 

Mate J: 13 , MR#tt36^{fr*W*3WBl>C 4jW«B 

[0056] km tmrntx-it. mm<DM$mK.& 

J*. ^W(C«±fB^K:«fc0^3tl-&iteS«. 3 3 0°C 

W±raa^©«iMasS{c*5^T. fli— ©ffi*j^j« 

[0057] 

immm mum 1 - 1 > #*s h ^m go (ioo)i 

ffi±tc. T»lSil.t. Ull0 0nm©Pt^M 
BEtcJ: tyWMV* -€-©S5*Jtffi4>tc*Jt>r4 0 0*C3 

B#p^r«$^au/c 0 aci»-r. s««c»-r&A»ft**i o 

-15' i:&-5<fc5(t. ^f^>tf>?:ffll,>tAr-rt> 



(7) 



2003-86865 



11 



12 



tc. * 
[0 05 8 ] 2a>-C\ P t MLkiC, miW8 n m<DN i F 

£tC. DC7^ h <a>Xf^v ZWXffiMVtcA 1 HI 

OnmOF e i0 Co 10 MRF7n hD>XA^$g 

#GBfcfeB/&IcB1&f (MiFe(8)/A10x(1.2) /Fe S0 Co 
,.(10)) tl>ht£Z>mmW* : f&l8.L,tc. CCt *>3F»3 10 

[0 0 5 9 ] M V«7 -< £(cj;£A£ 

»1 A 



Ol 2 tC7nLfciH«©«it*Wr S«Sfc©BBSttfiinf£ 
ho IMIftltMtCttS iO z l!g£ 

[0 06 0 ] chi&ssausiaJiwco^-c. hw^ewjb 
Ltt*»6a:asE3ttH?-j*«:«t vmm&mfeT&c tic* o 

MR^b^^riiJSL/c. MR»$B, 2 6 0'C1 
MljBBE«. 3 0 0 °C 1 B$RJJ^a?^, 3 5 0 "C 1 

mm&> 4oo°ciB#ra^n^tcfciijso/c„ 
MR^b^©i'JSo«> SSS^-fcoorR l zmmt 

[0 06 1 ] 

[SI ] 





Rl 


Ri^a 


a<Risio 


10<R1S20 


20<R1 




MH (%) 
(¥«?/&*) 


12/13.5 


11.9/18.2 


10.6/12.8 


8.2/- 






80 


12 


6 


1 




Rl 


aisa 


a<Rl£l0 


10<R1£20 


20<R1 


26012 


MR (%) 
(¥!&/**:) 


14.1/16.2 


18.8/14.8 


12.5/13.2 


8.6/9.2 






82 


12 


3 


8 




Rl 




8<Rl£l0 


10<R1£20 


20<R1 


soot: 


MR (%) 
(W/tt*) 


16.8/16.0 


16.5/15.9 


14.6/14.9 


2.1/9.2 






62 


15 


9 


12 




Rl 


Ri^a 


8<R1S10 


10<R1S20 


20<R1 




MR (%) 


16.2/16.4 


15.7/ 1G.0 


14.6/14.9 


1.9/5J2 






17 


14 


26 


88 ! 




Rl 


Rl£3 


a<Ri£io 


HKR1320 


20<R1 


4001: 


MR (%) 

(¥*&/«*> 


16.4/16.6 


15.9/16.1 


14.6/14.9 


1.8/2.8 






a 


6 


15 


51 



[0062] (mmm 1 - 2 > nif ejgtcft*r. m 

W6 n mCON i F el<!:gj|2 n mCDF e„Pt , 0 M<t 

m&<DMmmm**<mLtc. cn^©sw. NiFe 

(6)/Fe,„Pt,„(2)/AlQx (1.2) / Fe s 0 Co s 0 (10)(C <£ 0 -X 

XIB 



30 (COOT. ±l2i|5ll«(cL.rMR^t^*Jj:0'R 1 *S'J 

[0 06 3 ] 
[«2] 



IMS 


Rl 


R1S3 


3<R1S10 


10<R1£20 


20<R1 


MR (%) 
(¥**/**) 


21.1/25.1 


20.2/22.7 


16.2/- 


-/- 




87 


12 


1 


0 


2801C 


Rl 


R1S3 


3<R1£10 


10<R1£20 


20<R1 


MR (%) 


23.4/26.8 


21.9/24.6 


14.9/16.3 


-/- 




87 


10 


8 


0 


3001C 


Rl 


Risa 


8<Rl£lO 


10<R1£20 


20<R1 


MR (%) 
(¥#/£*) 


24.6/26.5 


28.2/26.2 


14.8/15.1 


6.8/- 




87 


8 


2 


1 


860X1 


Rl 


Rl£3 


8<R1£10 


10<Rl£20 


20<R1 


MR (%) 
<¥*>/***> 


25.9/28.4 


24.8/26.8 


14.7/14,9 


5.9/- 




85 


5 


2 


1 


40CC 


Rl 


R1S8 


8<R1£10 


10<R1£20 


20<R1 


MR <%) 
(¥*>/**) 


26.6/26.9 


25.1/26.2 


14.1/14.8 


6.2/6.6 




80 


4 


a 


2 



i - i tmmic vt. m^Komm.tmm^i'mLtc. 50 [ 0 0 6 5 ] 



(8) »IH 2 0 0 3 - 8 6 8 6 5 

13 14 

[*3] 



mttkm 
i 


Rl 


R1S3 


8<R1S10 


10<R1S20 


20<R1 


MR (%) 
1^*3/ wtc/ 


-/- 


11.8/12.6 


10.4/12.6 


8.1/9.1 






Q 

a 


QIC 
do 


62 


2ecc 


Rl 


R1S3 


3<R1£10 


10<R1£20 


20<R1 


MR (%) 


-/- 


13.8/14.1 


12.2/ 1B.Z 


8.3/9.0 




0 


2 


25 


78 




Rl 


Rlg3 


3<R12£10 


10<R1520 


20<R1 


MR (%) 
(¥*&/**) 


-/- 


-/- 


14.1/14.7 


1,9/7.3 




0 


0 


5 


91 


360t 


Rl 


Rl£3 


3<R1£10 


10<R1£20 


20<R1 


MR (%) 
<¥«>/£*) 


-/- 


-/- 


-/- 


1.7/4.8 




0 


0 


0 


89 


4oot: 


Rl 


R1S3 


9<R1S10 


10<Rl£20 


20<R1 


MR (%) 


-/- 


-/- 


-/- 


1.2/1.9 




0 


0 


0 


75 



[0 06 6 ].TgPSfiS©^EMffi*tftoi&(,ifi£*(D^rj4 
T« («1C) , 3 0 0*C*iB^.S«l«ffll©aK:«. R 

1 «-T-^r 2 0 n m?r®^./-c„ 

[0 06 7 ] #&f£A£ft®fiB1£Jltt: P t £»a* S <t 

(I1B) , P t *Jn*.&C»»^ (Hi A) <ttt$£L 
T. Office J: S R 1 n-5 C £#Sgig-C 

t-So P tSrttliL&CiftJ:*}, Rl3&5[H)Df5H 

-C<b -3 X 4> M R $tit& «fa± 0 fc„ 

[0 06 8] ( HJSP'J 1 - 3 ) £«<b It S i JKUMftM 

iisffi^. Tsmmtbtmmi oo nm<DCu mtm 

ail {* £ L r Ni Fe(8)/Co, 5 Fe, 5 (2)/ BN(2 . 0)/ Fe s „ Co * 

*2 



©tt»«!fi* : ?-*f'HKUfc. «c*f. CuIfe^Tal 
BRF7^ hO>;*;"W£y *K N i F e 

20 ilfciCfC o„ F e^MW^ti-etiDCfci^'RF-^y 
* h P>X^ , £ y > >?i£,tiC<i: K> . B NltttSf&tt&lf 
Fei.COiJBRFvnUi^? £ 

[0 06 9 ] cne.©fia»tiJa^(COl»T. ilSilal 
«(CLTMR3£fl3|S:fe,fctfR 1 £#l?EL;fc„ *S*=£*2 

[0070] 
[«4] 





Rl 


Rl£3 


3<R1£10 


10<R1S20 


20<R1 


MR (%) 
<¥*&/&*:) 


18.1/20.0 


17.9/19.6 


15.6/17.8 


10.2/13.2 




67 


22 


7 


4 


260*c 


Rl 


R1S3 


3<R1S10 


10<R1S20 


20<R1 


MR (%) 
<W/**> 


18.2/20.1 


18.0/19.7 


16.5/17.9 


12.1/13.6 




69 


21 


5 


6 




Rl 


Rl£3 


3<R1£10 


10<Rl£2O 


20<R1 


MR (%) 
<^*&/fc*) 


19.5/20.3 


19.1/19.9 


17.5/18.8 


11.8/13.6 




36 


86 


9 


15 


350TC 


Rl 


R1S3 


3<R1£10 


10<R1£20 


20<R1 


MR (%) 
(¥*>/&*) 


19.7/20.6 


19.2/20.2 


17.5/18.8 


6.8/11.8 




15 


16 


21 


36 


400t: 


Rl 


R1S3 


3<R1S10 


10<R1S20 


20<R1 


MR (%) 
(¥*&/**> 


19.9/20.6 


19.2/20.0 


16.8/18.5 


2.8/5.6 




1 


8 


13 


62 



[0071] (mmmi -4> iiitts i 

HStg£. TSP^Si Lrmm2 0 0 nmCCulii 
)I3nm(DT i NR*. ^fiBEtt@/#Nfi81±©/*iH4B 
l/t, NiFeC8)/Co 7 5 Fq s (2)/A10x(2 .0)/F 



[0 0 7 2 ] cneoa^ffita^tCOl^T. ±!2<t|5l 

[0 07 3 ] 
[1515] 



(9) mm 2003-86865 

15 16 

*3 





Rl 










MR (%) 
<**&/£*) 


22.1/24.2 


21.5/24.1 


20.1/22.8 


18.6/17.9 




66 


AO 


O 


e 
O 


260t 


Rl 


Rl 3» 3 


d<Hl S 10 


10<K1S 20 


20<R1 


MR (%) 

cw/a*) 


28.1/24.5 


22.8/24.8 


21.8/23.0 


lfi.0/17.2 




67 


Oft 


O 


7 


80010 


Rl 




o v. it 1 s 1 U 


jus Kia zu 


20<R1 


MR (%) 
<¥*&/**) 


24.1/24.7 


23.5/24.3 


22.0/22.8 


12.6/15.1 




31 


94 


11 


18 


360 1: 


Rl 


R128 


3<R1*10 


10<R1£20 


20<R1 


MR (%) 
(¥*»/&*) 


24.8/24.7 


28.8/24.1 


21.8/22.2 


3.2/8.1 




3 


7 


14 


58 


400*0 


Rl 


Rl£3 


8<R1£10 


10<R1£20 


20<R1 


MR (%) 


/• 


23.8/23.9 


21.6/21.8 


2.6/8.6 




0 i 


2 


3 


61 



[0074] 3?,tc. 5S5S14H<hL,r, Co„Fe )t . 
Co„Fe 1G . Ni (0 Fe„, -fe>#.XK Fe s „Co 
,,N C o 7 „F e s S i a5 Ba 0 3££-€-CD£££>£<,> 

cfc'SAljOj, A 1 N ; ^^XvJSTEJcJrSA 1 N ; g 
MitSfclJlfttCfcSTaO, TaN. A 1 Nf 

[007 5] */c. 04^01 lKSWci^JEtii© 

a>) *»WBMEr*aRT--rtt. **©r i z^vm* 

<DR 1 £ L/c. Cft6©JPHHt*>(,>T. S&iSttJli b 
T«> CrMnPt (1120~30nm) . Tb JS C 
o 7S ( 1 0~2 0 n m) , PtMn ( 2 0~3 0 n 
m). I rMn (10-30nm), PdPtMn (1 
5-3 Onm) aj*. &tim&fMmt LT«R u (0IJ* 
0. 7~0. 9nm), Ir (0. 3~~0. 5nm). 
Rh (0. 4~0. 9nm)f«h?»fc. 
[0 07 6] (mmM2 ) 3«i60d l #8Bttt»iSflF 
CDKttSCDfflfiRtC J: f) . MR^b^Ai^tf SCi*l» 



[0 07 7] &B814)f ar-y 
SIMS &0*X P S tc<fc 9 MLfc. 012 ( a ) ~ 
(d) (CmL.fcJcSK:, ffifiSl*. m<DRm&®*s 

20 nm©$Effl£i'JS*i-^<!:L./'c Jg©<£ '|>«C*$(,>T &J¥S 
^©^-fr^t^ nm©ffiH£$'J^*fgl£ Lfc„ H 1 
2 (a) - (d) ICmhfc rjfifiSl j - rjfflj&g J «. 

12 (a) ~ (d) t,C7rsbtcmir<DfflmZ. SSlKfcW 

[0 0 7 8 ] ttfc. ^SBttlli I C V 

n>ar<y timhtc A 114. MBtK£ittK 

SA r >>»<-F«3tCj9AL.rgf<bLft: 
A 1 ,O.Bl (ttflll . 0~2nm) Wc. ^fiBfefe 
30 HJliUrBRuM (0. 7~~0. 9nm) 4. g«I 
ttlibtBPdPtMn (15-30nm) 5:-enf 

[0 0 7 9 ] $fc, (,> < o^OSa^SJnS^CCfc^-C 

«. ^tteoffl^ia^tb^jKDiis^rsjcc^fb-r^ 
jz^icfttmbtc. coatma. h^oen»n« 

[0080] 
[*6] 



(10) #gg 2003-86865 



17 18 

A41) 



Ro. 




ns) 


nt 

(%> 


Ml 


matz 


M9 


M4 


Ms 


Me 






r.t. 


22.2 


















260 


24.5 














1 


a) 


300 


24.3 










NI^Fe*, 


NinFoa) 






350 


15.3 


















400 


10.1 


















r.t. 


22.3 


















240 


23 6 














2 


•) 


300 


23.2 


(Co*F* B ) 00 . f Pt 0 . } 






«Jc re Fo D ) IH . t Pt 0J 










390 


14.9 


















400 


10.2 


















r.t. 


23.1 


















260 


24.7 














3 


■) 


300 


24.7 










NinFflto 








350 


24 


















400 


21.1 


















r.t. 


24. t 


















260 


25.2 














4 


a) 


300 


25.4 






(Co R Fe s ) !n Pt 8 




NIbdF«3o 








350 


26.3 


















400 


25.4 


















r.t 


23.8 


















260 


24.0 














5 


a) 


300 


25.5 




(Co^Fe^BsPtB 














350 


30.1 


















400 


33.2 


















r.t 


23.9 


















260 


25.1 














6 


a) 


300 


25.3 




(CoitFe I& >7iPtaB 






NlnFOao 


Mi 






350 


25 


















400 


24.8 


















r.t 


18.9 


















260 


19.4 














7 


■) 


300 


20.1 








(Co*Fe»)« t Pt„ 


"l-Fo* 


Ni^Fen 






3S0 


20.5 


















400 


20.2 


















r.t. 


12.5 


















260 


17.5 














8 


a> 


300 


15.3 


(Co^Fe*)^ 










NitcFejo 






350 


12.2 


















400 


11.2 















[0 0 8 1 ] 



[517] 



19 



(11) 



#§3 2003-86865 
20 



ft 4b) 



No. 


Mr 


•MOBS aide) 


IR 

(%) 


MA 1 


MA 2 


alaf a 


IM4 


asw o 


aa«a a 
am o 






r.t. 


19.1 


















260 


21.2 














9 


a) 


300 


22.1 










Hi ^Fa* 








350 


15.1 












400 


10.2 


















r.t. 


18.5 


















260 


19.9 














10 


a) 


300 


16. 1 




0»«Fa ao ) raj pt*. M Pd,« 


MfaofW«.rt>.iJ'<W 






NIsoFan 






350 


15.8 












400 


11.2 


















r. t. 


18.1 


















260 


20.9 














11 


a) 


300 


21.1 




Oll« B Fa«)«. 1 Pt 8 .M.i 






Hl./aa 








360 


19.9 
















400 


19. 7 


















r.t. 


19. B 


















260 


22. 1 














12 


a) 


300 


22.3 




OIlBFe^ajPt^d, 






■M-Fa* 








350 


22.2 












400 


22.1 


















r.t 


18.fi 


















260 


19.9 














13 


a) 


300 


19.8 


WlnFe^ffPtnM, 




Ofia/^Kpt^ 




NinFau 








350 


26.2 


















400 


28.8 


















r.t. 


IB. 7 


















260 


19. 8 














14 


a) 


300 


20.1 




(Hiafa^^Ptrfd™ 




<Ni»Ft>«>7»Pt, 8 Pd,o 










350 


22.6 


















400 


23.1 


















r.t. 


18.7 


















260 


18.8 
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350 


14.6 












(Co n5 F. H1 ) 7 .#U < 






400 


12.7 










(Co 7B Fa v )„.«Mi% a . a 


CCowFes);^^*^., 






r.t. 


0.5 


















260 


17.6 










(0o75Ffta)7f*>» 




135 


0) 


300 


16.1 






Fe 41 Pti„ftte 


Fc 41 PWfcte 










350 


13.4 










(Co 7 aFe B ) T T. 7 6n Kt .j 


(COtsFCts) 71 . JfrllTX B 






400 


10.4 












(Co ftFea) 74 . rftoa. 1 






r.t. 


8.1 


















260 


16.2 














136 




300 


16.9 






FeagPtJhte 


Fe.Pt***, 










360 


11.3 










(Co»Fe»)r7.^njta 


(Co 7 sFe K ) n .,Jh» 9 . a 






400 


10.7 










(COtbFozs) 77. M**n a 


(CowFo^M.Jtoa., 



[0103] 
[*2 3] 



(27) 

51 



ftab)-i 



Mo. 




MM 

sot 

Pc) 


IS 

(%) 


8Utl 


8MU 


«*3 






r. t. 


16.8 












260 


37. 1 








13? 


d) 


300 


38.5 












350 


15.1 












400 


0.0 












r.t. 


IB. 8 












260 


35.6 








138 


d) 


300 


SB. 6 












350 


15.4 












400 


10.5 












r.t. 


IB. 5 












260 


35.9 








139 


d> 


300 


35.6 






(C<>Kr«B)a.»f0fa. > 






350 


25.5 












400 


25.8 












r.t. 


18. 1 












260 


35. 2 










«n 

QJ 
















350 


35. 6 












400 


«a i 

jy. i 


























260 


32. 1 








141 
141 


ffl 


300 


33. 2 












350 


34.2 












400 


36. 6 












r. t. 


16. 1 












260 


30. 1 








142 


4 


300 


32.4 












350 


34.5 












400 


34.3 












r.t. 


15.2 












160 


25.7 








143 


d) 


300 


26.6 






«T»H. 






350 


30.8 












400 


29.8 












r.t. 


10.3 












260 


22.1 








144 


d) 


300 


23.6 












350 


16.1 












400 


11.2 
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[0104] 
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(28) 



53 



mm 2003-86865 
54 



88b)-2 



No. 




9JRA4B 

S.& 

(X) 


IR 

(%) 


mi IK 






HXC / 


mm tf 


MrftQ 






r. t. 


18.9 


















£60 


37. 1 














137 


d) 


300 


36.5 


















350 


15. 1 


















4QD 


9 9 


















r. t. 


18.6 


















jso 


35.6 














13ft 


<d 


300 


36.6 








frvjv \ jn. . 










350 


1S.4 


















400 




















r £ 


18 5 


















2 BO 


35.9 














139 


d) 


300 


3f 6 


lvw»r Ob/ ]KI^ j 


Mi J Qji 














350 


2S 5 


















400 


25 9 


















r. t. 


19. 1 


















Z60 


35. 2 














140 


d) 


300 


38 4 












Ct^Ptco 






350 


35. 6 


















400 


30. 1 


















r. t. 


16.5 


















260 


32. 1 














141 


d) 




33. 2 


(CO _F&-») nJQl n 






W*V 86*" 1 1 1 










350 


34.2 


















400 


36.6 


















r. t- 


16. 1 


















260 


30.1 














142 


d) 


300 


32.4 








(Co^e^Bh,. 




COaPtfa, 






350 


34.5 


















400 


34.3 


















r. L 


15.2 


















260 


25.7 














143 




300 


26.6 


(Co^Fo*)^ 


Ni„Fe» 


(C0»F«»>4.Rh» 




Co»Pt« 








350 


30.3 


















400 


29.8 


















r.t. 


10.3 


















260 


22.1 














144 


d) 


300 


23.5 


















350 


16.1 


















400 


11.2 















[0105] 



[«2 5] 



(29) mm 2003-86865 

55 56 



aso)-i 



No. 




IMB9 

n* 

rc) 


IK 

(<*) 


M«1 


6if*2 


69613 


145 


d) 


r.t. 


15. 1 






CoaFa,,, 


260 


32. 1 


300 


34. 1 


***** 


350 


10. t 


400 


8.5 


146 


c) 


r.t. 


15.9 








260 


32.4 


300 


34.3 


350 


11. 1 


(Co B Fe.o>.J k Uifth., 


4w 


— 5~R — 1 




147 


d) 


r.t. 


15.5 








260 


83. 1 


300 


35.2 


350 


2B. 4 


(Go eg Fe n ) n . 7 Pfc a ,dkn 1 » 


400 


24.6 




148 


<0 


r.t. 


16.3 








260 


35.2 


300 


35.7 


350 


32,6 




400 


29.9 




14» 


d) 


r. t. 


17.6 


(ftfaf 






260 


39.2 


300 


42.4 


350 


42.6 


(Co^Fe^t^ 


400 


36.1 




150 


d) 


r.t 


16. S 




(OoK^nPts 




260 


37.8 


300 


36.2 


350 


36.1 




400 


37.8 




151 


d> 


r.t. 


15.2 








260 


34.3 


300 


34.5 


350 


33.4 




400 


33.1 




152 


d) 


r.t. 


13.2 


(COtoFfe),** 






260 


25.0 


300 


26.3 




14.2 




400 


12.5 





[oio6: 



[312 6 ] 



57 



^20 03-8686 5 
58 



«8c)-2 



9>7'»No. 




vw 


U 

(96) 


Art 4 


MS 


Mo 


«*7 


Art a 


IBrto 






r. t. 


IS. 1 


















260 


32. 1 






FCgJli«| 








145 


d) 


300 


34.1 










COnFttn 


CouFou 






350 


10:1 


















400 


8 5 


p» in 


Mi 


F%tlll4S 












r.t. 


15 3 


















260 


32.4 


fF&«Jti ,*i)n> . 1 r. _ 




» "KF* 1 4D* N.1 1 ■ 0.2 


VHaipr »itj/ qi . b*R) . I 






146 


d) 


300 


34.3 












lVOKjf-QHJto.irto.2 






350 


11.1 




NinaFfin • 














400 


0.5 


11 CB4JI 1 40/ BB.t "8.2 


Ni» /ft. , 


fpn. -Mi \ — -1 r_ _ 


hw^bt • kv n. w io. i>d . i 










I r. t. 


IS. 5 


















250 


33. 1 


(Fe^Hl^a, 7 lr„ 3 


niggFcjo 


CFaJfl^M 7lr n a 


[COctFOwt)qo ikHDo m 






147 


d) 


300 


35. 2 










(C0knF«k.)<» J>t, . 








350 


28.4 




NU /en i 


(FepnHl ftlr 0 * 


(COtrFflvi) -iPtn inllii i- 










400 


24.6 


CFarfU^lrvs 




(FCbfNi^gg.Blroj 


(COaJFen) M.ttPto. £iYl is 










r.t. 


16.3 


















260 


35.2 


(Fe«Nl4j 1 ) C 7Jr 5 


NI B FeiD 


CFMII«)rr'r, 


(COjFtf^K^li 






148 


d) 


300 


36.7 










CCOmFCuOiTPta 








350 


32.8 


(Ft*. ,)«. ,lr. . 




(Ffcn Jl! » . 1 F. . 

* r ^B.#™' 43 , V S7, 1 1 ' t.i 












400 


29. 9 






vr**n.»Hl4njVfl7.1 1 11.7 












r.t. 


17.5 


















260 


39.2 




NIbbFom 


(FfwJO r» 1 

\r D0H 49/ gg 1 1 a 








149 


d) 


300 


42. 4 










IMfeareta/ttrTtf 








350 


42. 6 


_ — j 




W^^i.B"' 43.BSflB.7l ■ M,8 














36 | 


tUr\ HI \ 1 . 

v msu W.Blr 13.6 




fC-_ m \ | r 


ffVk_CA 1 PI a. 










r t. 


16 9 


















260 


37.8 


(Fe^i^lr,, 


HipjFe?n 


0FeBnlfl4D)T|lr» 


(COgoFf^iJac Jlrb g 






ISO 


d) 


300 


38. 2 


















350 


36. 1 


(F^/H 41 . | ) n.4 1 fT7. B 


Hi».,Fe a ., 


(Fofci.J<l44.j>n>lrn.8 


(CoMFe^wM^JhiB „ 










400 


37.9 


(F«bi . Jti «. i) n.ol r». i 




(Fc k1J NI«.,) nj ilr».t 


(CcHoFe^nsPt,*,,.. 










r.t. 


1S.2 


















260 


34.3 




Hi,/*, 


(FatoVl^lr* 








151 


d) 


300 


34.5 


















350 


33.6 


V*i *3 ■>«.•' r <a i 




(F&ojJH 48. §) uj lraa.1 


(GOoaFOto) oiFt».s6kii« a 










400 


33.1 


(Fen. 1 si .o) M.1 1 r».i 


«i?7.iFea.i 


( F&u.^li fi . i) (B.g 1 Texi 


(OosoFfin} 4i .Epta&VAiB jb 










r.t. 


13.2 


















260 


25.9 






(FonH^nlr. 








152 


d) 


300 


26.3 












(C^Fe^)^ 






350 


14.2 


(F^i.jHia^w.Blrea.? 


N«».tFe*i.i 




(CoMFe^nPtnfti,, 










400 


12.5 


(FaaJHiB.^w.Tlrao.i 


Ni77.,FeB.» 


(Feu.Jlia.Jaa^lraLa 


(Co M Fe n ] ai Pt4 3 fti I , 







[0107] 



[*2 7] 



(31) 



59 



4$BB 2003-86865 
60 



t>r»fe. 






MR (M) 


6B<*1 


69*2 


ttt*3 








11 9 
If.* 












260 


30. 4 








153 




300 


31. 3 












Sail 


16. 7 












JSS 


12. 2 


























ZfiU 


30, 6 








19* 


GJ 




31. 1 




lit—Pat. 

fit a* Cto 


snittt^DJmi.rUi.i 






350 


Ifi c 












*Uv 


13 1 














11 c 
1 /. 9 












20) 


31 . 2 








199 


a1 

ej 


300 


32. 4 




ill 

ri a* Pea 


mi \ _d#- 






360 


91 A 












400 


25 6 












r. X, 


18. 2 












Qfifl 

xw 


32. 9 








155 


CJ 


300 


33.4 












350 


31 3 












aim 


31 1 












r t. 


17 9 












260 


M C 

w. 9 








157 


«1 

°l 


300 


31. 1 






mi Rik. i »t 








St. z 












400 


32. 7 














17 5 












260 


29 3 








165 


o) 


300 


29. 7 












350 


31.3 












400 


31.5 












r.t 


15.6 












260 


25.4 








159 


o) 


300 


26 






OlIcsFibtlii^ta 






350 


27.9 












400 


26.1 












r.t. 


12.1 












260 


20.4 








160 


o) 


300 


21.7 




NltoF^o 








350 


17.2 












400 


13.5 









[0108] 



[^2 8 ] 



(32) 2003-86865 
61 62 



»>7J 
No. 


- 1 3*F 

ur 


Oc> 


KR 

(W) 




«JftO 


flf*6 


**7 


Utt a 


«*© 


153 


o) 


r. t. 
260 


17.2 
30.4 




WimFej,, 


CoTtFoag 


Cn .Pt 






300 


31.3 




350 


16.7 




400 


12.2 




154 


o) 


r. t. 
260 


17. 3 
30.6 














300 


31.1 




350 


IS. 5 




400 


13.1 




155 


e) 


r.t. 
260 


17.5 
31.2 






GosFeB 


(Co*Fe») no Tpfc, Jfrv, asCrn * 

if mi. r* m,!* V-IB'" O.06 


Co«Fa. 




300 


32.4 




350 


27.6 




400 


25. 8 


156 


0) 


r.t. 


18.2 




Ri«Fe» 


CosFe* 






P-JU 


260 


32. 9 


300 


33.4 


350 


31.3 


400 


31. 1 


157 


O 


r.t. 
260 


17. 9 
30.5 




NiaFeap 


CoTitFea 


(Cojr,Fe-,) «Pt„Jfcw _ 

*/o" ^ Bo* L T0**I E"< 7 B 






300 


31.1 


350 


32.2 


400 


32.7 


158 




r.t. 
260 


17.5 
29.3 




NlwFea 


Co^jFoa 


(Co^Fo^nPt^Cr^ 


ConFetn 




c) 


300 


29.7 




350 


31.3 




400 


31.5 


159 




r.t. 
260 


15.6 
25.4 






CojsFea 


(Co K F« B } 4 ,Pt« B ft} lt yCr,o 


C©*F*s 




e) 


300 


26 




350 


27.9 




400 


26.1 


160 




r.t. 
260 


12.1 
20.4 




W«>F«» 


Co»Ffl* 


CCowFe^wPt^mnsCr,,,^ 






c) 


300 


21.7 




350 


17.2 




400 


13.5 



[ 0 1 0 9 ] 3|5 a ) tC7nL/c^>^;UC«, #?88ftfe» 
tD|?fflifi^tCR e^SSJabfco i5a) J: €><h . Re 
<D«S«, 3-3 0at%»$lK CCr 

tc&rttoZo RetCft^T, Ru, Os, Rh, I r, 
Pd, Pt, Cu, Au9*ffll*rfcBI«(DfB|nl3W»6 

[ 0 1 1 0 ] a5 b ) K/nbTcIf >>ourte, #?8ftJf 

CDMWWc D i5b)0Ru^r, Tc, Re, R 
h, I r , Pd, Pt, Ag, AuCC, Os^Tc, R 
e , Rh, I r , Pd, Pt, Cu t Au tc^ft-en^ 

[on Hi5c) {cmiyfc^yy'^-cu, im&m 

<DRffi<D— -ftlCCDfrP t , Cu^aSftjSnn^, CCD 
i»^CCfeEI«<DfflrfiI*Srf 6n/c 0 a© (Pt, Cu) 
£, Tc, Re, Rh, .1 r, Pd, Pt, Ag, A 
u, (Ru, I r) , (P t, Pd) , (Pt, A 



u), (Ir,Rh), (Ru, Pd), (Tc, R 
30 e, Ag), (Ru,Os, Ir), (Rh, I r , P 
t), (Pd, P t, Cu) , (Cu, Ag, Au) , 
(Re, Ru, Os), (Ru, Rh, Pd), (I 
r, Pt, Cu) , (Re, I r, Ag) OC£*.TfcEI 

[01 12]85d) -18 a) CCMniP t^/JDL 
tc±$CDl&m*ff;-?o i5d) «Mn«0at%tC^ 
i£fS. i6a) -i8a) te, Mn£0. 2, 0. 
5, 1,2,5,8, 12, 19, 2 2 a t%mimLtc 

40 <h#CCP t<D^«*^fc$#/^i#©j(S**77sU^*> 

[0 1 1 3 ] P tffi&te\,>mWVlZEffl&&mfrh<D& 
Ifctc J: SMn Office to-r^Cc^-TS^. P taSJDK: 

cfc o tttt^MO 3 nr i > £ c i * £ o 
[oiH]i8b)-d) cc«. msmmmmzm 

50 CO 1 1 5 ] «9 a) (C, MnteJrtfP t 



63 

JMCteWS 3 5 0°CiaJ:O'4 0 0 °CC©I»^I1^CDMR 
mtm*. Mn*iJ:O'Pt{<:*3W^^ttia*s0-e*-&t>- 

[0 1 1 6 ] tctcU. 89 a) {CtJt^r, Pta*5<tO* 
(P t+Mn.) Stt. S&^fflii5©-!f>7\»UC:teW£ Tiffl 

[0 117]g9b)K, ^-Mn^ttlStCteli-CP t*J3 

ansa* o x$> 5 x;u©m r ^ft^c*f -r ssif > y 

[0 1 1 8 ] P t©§^ft]fi* 5 0. 3 — 6 0 a t%. Mn 10 
(OmDmW 2 0 a t %JJlT©iBH. #(CM n<Pt©I 
It. I^1$tt#|#6nfc„ MnAi8~5at%OTO 
^t?. Mn<Ptttt, Mn i©|5jB#3s}jn(cJ;or, 
P t 3*j£i!35fll]J: ^1$tt*^±L-ri^pI^tt*J*S<D7!)J 
^riflS. MnKftAt, C r-^ (Mn. Cr)i 

1:0. 0 1-1:1 0 (XDttm-cmiMLtcm'f-I.Ctei,* 

-ct. mmvmfafimhritc. ttc. pucrhx. 8 
4a) -i5c) •em^tcTcmzmtsaLx i>mm<Dmfa 

W#6tlfc„ $/c. 84rfflC>/c3£i®ttJI£fl!OTk. 
PHfO<SlS]*^#6nfc„ 20 
[01 19184a) —89 b ) CC 1*7* L- "C C ' 

vfto cnecD^tc-ocir*). i5U§©<gftj!>ijie>ft 

tc a 

[0 1 2 0 ] 84a) -89 b) t«4 0 O'CSTO^ 

ra. 4 o o °c~ 5 4 o °c<Dmmt<cte^x i o •c^ij^-c^ 

^DtcSM'W^WS^O. 3-6 0 a t%£LfcJg?- 

4 5 0'C&XV>m$[mi&l/Ci$l,>>X. ^»©S 30 

3-3 0at%itSi, 5 0 0 'C&X<Dffimx. Mm 

[0 1 2 1 ] M'ii fc«CM n . C r ($5flll7c3IM J ) £ 

mmcmnLtcm+xb. mffivmmzftitc. -g-©*s 

M 1 ©^Wfit** 0 . 3-6 0 a t%T&oTM J <M 

1 £L/fcS5ST-#>6W:. 4 5 o°c*-c©^Mat*cc*j^ 
"C. ta>rtflti{cffinA:MR^tt* s f#6n/t 0 m 1 © 

^WS* J 3~3 0 a t%. M , ©MI* s 8at%* 

«. M'<M* iL/fcf^6H. ^ttKOSR^itblSL, 40 

r, 5 0 0'c$T©wwctei,>r. tSMWfdnfc 

MRfcStttffil^tiA:. 

[01221 «±rtt. fttmmic&fmmc* 

Xv$MbK:J;&A 1 O. ■4*Zs ; 5V>J])l'MiUC<i:Z>A 1 
O. J5lt«.#{Cj:^A 1 O. gfl^bKU^A 1 N. 
^Xv^tiCiiA 1 N. J5ltM*CCj:£A 1 N. 

•7Xv^{t*/cW-/^->^> ; *^^b«C s fc-5TaO. m 
Mit. g2*K{b$fctt7"5Xv®M;K:<fc£A 1 S i O. 50 



ftffl 2003-86865 
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S^I^fb, 7-7Xv®!^b*/c«Stc:.ttx^- > Zicj: 

<£> A 1 ONtb/cti^Cfct^-Ct. |Hj«©ffl|6j^ff hft 

[0 12 3] JS^iSSttJliLr. PdPtMnfC 

tt&T, FeMn, NiMn. IrMn. PtMn. R 
hMn, CrMnPt, CrAl. CrRu. CrR 
h. CrOs. Cr I r. CrPt, TbCoW>fc 

[0124] *«B»*iii4or. Ru mmo. 

7-0. 9nm) KftiT, Rh (0. 4—1. 9n 
m) . Ir (0. 3 — 1. 4nm). Cr (0. 9 — 
1. 4nm)»fe«^(Cfc, fflWiOmfofim htx 
tc. 

[0125] JPHMfj&(COC>-C4>, Hij*bfc&JB 

Igico^x. S^lfltUi. p)«©<®|o|A5f#6nfc„ 

[0126] (3310)3 > *mmmxi>. mmm 1 . 2 
tmm<Dfm&Rvmxmzmi>xmfmifim**ftM 

Ltc. «RS©iWSE*ffi«. gfStt«2£|3J«±Lfc. 
[0127] «ttl£bttt, *6I*SB<i:i«*«£gJSi£ 
©1 : Hg^^X?r^^>^^-rttC^AL/-CA 1 Jg£& 
gfbbTA 1 ONI (mmi . 0-2nm) 

yt. ?m\$i&mmt ltw. Rh <i. 4-1. 9n 

m) *m»fc. S»«ttliOrtt, PtMn (2 0- 
3 0 nm) *fflt,>/c„ 

[0128] *T-«j»R^fiS14Jl». 85 d ) -88 

a) icfpLtcv->zfjitm&±utc fc/ci. *mmw 

rtt, P tfc^O'Mnicttl^.. TateJ:yN©f))llM 

[0129] mfiM2 £PII§. 540 *CSr©^S^ 
'©4ftt£llll^fc#, CCT[J!Nf»3 5 0-C<!:4 0 0 

ZtT&S&mom&t)*, 810-22^^. 

[0130] 8*. «sBaj*ta«L/'cc»Jtcc>*>©i*8tta 
cc j: n (oj± u tc. Lfru. imitkmimw&m i o a t % 

«± i a £ <t «»t*tt*«!l3£"C Stefr-otc. 

[ 0 1 3 1' ] 8 1 0 . 11. 12. 15. 16. 19. 
2 0©-9->^UTii. ^ffl«©MR1$tt«. Ta. N 
SrSSJDUaojRT-iJttflll/r. ± 1 0%Jiirt«k^ofc <> 
C*lCC>PtL. 81 3. 17, 2 1 <D-*)>y')lXte 1 0 — 
2 0%*lKMR!|$t4#i?${bU 814. 18. 2 2©t 
>^;br«5 0-6 0%ffgMR<t#tt*«£fbL/c, 

C0 13 2]^C*J. TaKftiT. Ti, Zr. Hf. 
V. Nb, Mo. W. Al, Si. Ga, Ge. In. 
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